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(71) We, Toray Industries, Inc., a 
Company organized and existing under the 
laws of Japan, of 2, Nihonbashi Muromachi 
2-chome, Chuo-ku, Tokyo, Japan, do hereby 
declare the invention for which we pray that 
a patent may be granted to- us, and the 
method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

The present invention relates to improved 
synthetic composite filaments. 

Synthetic composite filaments consisting of 
two or more synthetic polymer materials are 
well-known, and are for example, as follows : 

(1) melt-spun filament which are prepared by 
melt spinning blend of two or more syn- 
thetic polymers,, one of which can be dis- 
solved or dispersed in the other, 

(2) Conjugate br-metal-type composite fila- 
ments in which two or more component poly- 
mers are bonded to each other in a side-by- 
side relationship along the longitudinal axis 
of the composite filament, 

(3) ^ la mina te-type composite filaments in 
which two or more component polymeric 
layers? are shaped in a tape form or flat 
form and are mutually laminated, 

(4) * c core-in-sheauY* type composite filaments 
in which one or more core components are 
embedded in a sheath component, 

(5) modified "core-in-sheath M type composite 
filaments in which one or more fiat core com- 
ponents are embedded in a sheath component 
and are parallel to each other, 

(6) "muiti-cores^in-sheath" type composite 
filaments in which a number of core com- 
ponents are embedded in a sheath component. 

The composite filaments of the present in- 
vention include the bi-metal type, laminate- 
type, core-in-sheatb type, modified core-in- 
sheath type and multi-cores-in-a-sheath type 
composite filaments. 

The "multa-cores-in-a-sheath" type com- 
posite filaments include "islands-in-a-sea" 
type^ composite filaments, 

U 



, appearance of a cross-section configura- 
tion of the "island-in-a-sea" type composite 
filament, a number of microfine filamentary 
core components (island components) are in- 
dependently embedded in a sheath com- 
ponent (sea component) bonding the core 
components into a filament body. 

Thus, the relation of the core components 
and the sheath component is illustrated in 
such a way that the cross-sectional- view of 
the composite filament appears as a number 
of islands scattered in a sea. In the "islands- 
in-a-sea" type composite filament, the island 
components independently extend in die 
longitudinal direction of the composite fila- 
ment so as to form a number of micro-fine 
multi filaments and the sea component fills 
the spaces between the island components so 
as to incorporate the micro-fine filaments 
into a composite filament body and extends 
in a continuous manner along the longitudinal 
axis of the composite filament. 

In the industrial manufacture of synthetic 
filaments, the fineness of the filaments which 
can be obtained is limited because very fine 
filaments are very difficult to handle without 
breaking. However, in the case of the com- 
posite filaments of the present invention, 
micro-fine filaments having a very small 
diameter/ which are not obtainable by con- 
ventional "filament manufacturing processes, 
can be formed by removing the styrene-co- 
polymeric filamentary component. Particu- 
larly, the "islands-in-a-sea" type composite 
filaments are valuable for manufacturing a 
bundle of micro-fine filaments. 

In practical usage of the "islands-in-a- 
sea type composite filament, it is known 
that the micro-fine filamentary bundle of the 
island components which is made up from 85 
a fibre-forming crystalline polymer can be 
prepared by removing the sea component of 
the composite filament with a solvent suit- 
able for dissolving the sea component. The 
bundle of the micro-fine filamentary island 90 
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components is useful for producing valuable 
sheet material. It is also known that die 
removing operation may be carried out after 
forming the composite filaments into a de- 

5 sired form such as yarn, knitted fabric, woven, 
cloth, sheet, mat, non-woven material, and- 
other textile materials. 

When the composite filaments or these 
products are subjected to the removing opera- 

10 tion for producing the micro-fine filamentary 
bundle stated above, it is desirable that the 
component to be removed, such as the sea 
component, satisfies the following require- 
ments; 

15 (a) low cost, 

(b) easy dissolution, 

(c) high productivity of the composite fila- 
ment, and . • # 

(d) easy processing, such as spinning into 
20 yarn, knitting, weaving and non-woven 

material fonmng, of the resultant composite 
filaments. 

Styrene polymers can be used for obtaining 
the component to be removed satisfying the 

25 above-described requirements, because the 
styrene polymers may be easily dissolved with 
relatively low cost solvents such as tri-cbloro- 
ethylene, tetrachloroethylene, aromatic hydro- 
carbons such as toluene and xylene, 

30 chlorinated carbons such as carbon tetra- 
chloride, dimethyl acetamide, dimethyl sulf- 
oxide, and dimethyl formamide. Needless to 
say, in the dissolving of the component to 
be removed by a solvent, it is required that 

35 the components of the composite filament 
remaining are never dissolved by the solvent. 

Fiber forming polyamides such as nylon, 6, 
nylon 66, nylon 12, nylon 610, nylon 11, 
block polyetheramides, copolymers and nrix- 

40 tures of these polyamides; fiber forming 
linear polyesters such as polyethylene tere- 
phthalate; polypropylene terephthalate, poly- 
butylene terephthalate and polyoxyethylene 
benzoate are not dissolved in the above- 

45 mentioned solvents for styrene polymer, in 
general. 

Also, crystalline polyolefins such as poly- 
ethylene, polypropylene, these copolymers 
and these mixtures are not dissolved in the 

50 above-mentioned solvent at room tempera- 
ture, in general. Therefore, the styrene poly- 
mers and the above-mentioned fiber fonnable 
crystalline polymers are suitable for produc- 
tion of the composite filament for obtaining 

55 micro-fine filaments in which the styrene 
polymers form a component to be removed 
by a solvent and the fiber fonnable crystal- 
line polymers form components to be formed 
into micro-fine filaments. 

60 For example, in the case of the "islands-in- 
a-sea" type composite filaments, the styrene 
polymers form a sea component and * the 
crystalline polymers form a plurality of island 
components. However, such composite fila- 



ments containing the styrene polymer com- 65 
ponent have the following disadvantages: 

1. On the resultant composite filament, 

(a) very brittle, thus, easily breakable, 

(b) high frictional resistance, 

(c) low bending strength, 70 

2. Upon processability of the resultant com- 
posite filament, 

(a) difficult opening of fibers, 

(b) easily forming of undesirable pills 

in the carding step, 75 

(c) undesirable over-bulkiness of re- 
sultant web, 

(d) non-uniform density distribution of 
resultant web, 

(e) frequently producing of needle break- 80 
age in needle-punching operation, 

(f) low efficiency of needle-punching, 

(g) difficult forming of high density 
sheet, 

(h) easy marking of undesirable wrinkles 85 
which is the same as wrinkles created on 
paper by bending action, 

(i) Easy creation of a number of un- 
favourable crackings on the resultant fila- 
ment surface in drawing and/or crimping 90 
process, the crackings cause increase of 
undesirable unevenness and undesirable 
whiteness of the surface, and; 

3. On the resultant products, 

(a) easily creating undesired bending or 95 
folding marks, 

(b) easily creating undesired wrinkles, 

(c) low density, and 

(d) undesirable creaky hand feeling. 
Owing to the disadvantages stated above, 100 

when the composite filament! consisting of 
styrene polymer component and fiber form- 
able crystalline polymers component are sub- 
jected to carding or needle punching process 
in order to produce webs or non-wtfven 105 
fabrics, the styrene polymer-component tends 
to be f re qu ently broken and causes separation 
of the crystalline polymer component from 
the styrene polymer component by 
mechanical action of the processings. 110 

In the case of the "islands-in-a-sea" type 
composite filament, the island components 
separated thus, create numerous pills or neps 
ixr the web or non-woven fabric. Particularly 
in the case where a non-woven fabric is 115 
manufactured from a web of the composite 
filaments through a needle punching process, 
the outer portions of the island components, 
which are exposed outside the composite fila- 
ment and fibrilized, create a number of neps 120 
which cause the insufficient uniformity of the 
resultant web and breaking of the needle by 
catching die neps by the barb of the needle, 
and movement of die individual composite 
filament in the web accompanied bv the 125 
needle punching is greatlv suppressed and 
followed by breaking of the composite fila- 
ment owing to the high frictional resistance 
and brittleness thereof. 
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Therefore, products from die conventional 
composite filaments, EPrticularly the conven- 
tional islands-in-a-sea" type composite fila- 
mews consisting of the crystalline polymer 
3 island components and a styrene polymer 
sea component have undesirable creaky hand 
feeling, insufficient recoverability from 
deformation and insufficient 

10 In order to overcome the above-stated dis- 
advantages of the conventional composite fila- 
ment containing the styrene polymer com- 
ponent, many improvements were provided. 

l f St*^'^ c F der 10 reduce brittleness and 
° Actional resistance of the polystyrene sea 
component polyethylene glycol was blended 

««™JSr ? 0l ^ yrene sea comgionent, a large 
amount of oiling agent was applied to the 

20 2SXH??t fikment SUrface > or in order to 
w prevent the polystyrene sea component from 
breaking, nylon polymer was blended with 
toe polystyrene sea component. However, the 
improvements stated above were unsatisfac- 
tory for overcoming the disadvantages. 

According to the present invention, a syn- 
thetic composite filament comprises a first 
filamentary component consisting of a co- 
polymer of styrene with acrylonitrile and/or 
methyl metbacrylate or a mixture of such co- 
w polymers, and a second filamentary com- 
ponent consisting of a synthetic crystalline 
nbre-fonning polymer, the first and second 
components extending along the length of the 
composite filament, respectively and beine 
•» bonded together continuously along the leneth 
of the composite filament. 

An additional copolymerization unit effec- 
tive for increasing the solubility of the 
styrene-copolymeric component in the 
40 organic solvents as indicated hereinafter may 
be selected from the vinyl monomers such 
«Lf 7 I St} ? ene > «-methyl styrene, ethyl 
nS^ 1 Styrene > chlorostyiene and 
45 Pr^^.amjoostyrene, p-methoxy styrene, 
Pyn^ chloro-«-methylstyrene, N,N- 
diphenyl acrylamide, p-nitro-styrene and «- 
phenyl-vinylaoetate, fumaronitrile, malei- 
3!™' ^-^^o-l-methylethylene, 1,2- 
50 l^S. ' \ L^ethylene, -1,2 - dicyano- 
50 1 - phenylethylene, /3-cyano acrylic esters, 
« - phenyl - vmyi acetate, N,N - diphenvl 
acrylamide vinyl carbazoleV butaS 
malac acid anhydride, vinyl acetate, viny 

55 i£i°b ^ vinylidene chloride, 

55 methyl acrylate, ethyl acrylate, butyl acrylate 
vmyl pyrolidone, diethyl maJeate, dSyl 
fcmalate, butyl methacrylate and methacryl- 
amde. These additional copolymerization 
60 m ^ uded a Native smaller 

60 content in the styrene-copolymer so as to 

mvenuon. If the styrene-copolymer in the 
om component consists of two components 
65 aci 7 lon ^ and styrene, the con- 

W tent of acrylonitrile in the copolymer is 10 



to 24%. by Wdgfat ' further P^waWy 10 
It is well-known that a mixture of 24% 
by weight of acrylonitrile and 76%. by wfiht 
of styrene is copolymerized to an azeotoK 70 

^bich has a composition the sa£e 
as that of the mixture. 

roJtef* 0 "!.* is P^erable to produce a 
copolymer having a constant composition^ 
where the content of acrylonitrile T7 75 

fcU 0 ^- 8 ^ 6 ~P°&izatio e n sjstent 5 
is 24% by weight. The acrylonitrile unit in 
the acrylomtrile-styrene copolymer is effe£ 
uje for increasing the resistance for thermal 
decomposition at a high temperature*^ 80 
thus, the copolymer is effective for e«ifw 
processing me^spinning of tS comSS 

2nSV e K a w Wsh Tem P era ^e and S? ob! 
fining a high tenacity composite filament 
if the content of acrylonitrile in thT™ Rt 
polymer is lower thanl0%^y £ ei S? £ 85 
resultant composite filament has a So™ 

inbefote, i, tnuatisfactoty andTSceSieTS 

o» copolymcric component it a 
cowtnner of styrene ^ „£m5° 
•ajhK, the content of methvl ntetWdS 

first filamentary component has an eLSlInr 
^ansparency, high brght whitened Stgh 

If the content of methyl methacrylate in 
the copolymer is lower than 10% by wd e h? 110 
the purpose of the present invention * £ 
sufficiently achieved. If the content of £. 
methyl methacrylate is lngher^90% by 

preyed fiW , ntar y component is 

prepared from the copolymer consisting of 
styrene, acrylonitrile and methyl meth i9n 

of styrene if at^eas 
10% by weight, the content of acrylonK 
is at most 10% by weight and Lenten? of 
methyl methacrylate is ireater thSi^oS^Lcf 
smaUer than 90%. The a^ToKe St for" i« 
copolymerization is effective TtX^tl 125 
the resistance for thermal decomposition^ at 
nolS ^Pf 8 ^ * the resultant co. 

' 8 ^ for obtai °McT an easy spinnable 
and drawablc composite filament. 130 
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If the composition of the styrene-acrylo- 
nitrile-methyl methacrylate copolymer does 
not satisfy the above-mentioned definition, 
the following disadvantages are encountered, 

5 namely in the resultant copolymer, a low 
resistance for thermal decomposition ^ at a 
high temperature and a low solubility in the 
solvents; in the resultant composite filament, 
a low transparency, an undesirable yellowing 

10 and a low sheen; and in the processing of 
fiber formings a low spinning ability and a 
low drawing abiKty. 

The styrenevcopolymeric component or the 
composite filament according to the present 

15 invention may contain polyethylene glycol, 
polypropylene glycol, ethylene glycol-propyl- 
ene glycol copolymer, or their derivatives, 
such as alkyl-phenol ethers 



-OCQHiCOaH), 



20 alkyl ethers (R — (XdH^OXH) alkyl amines, 
aJkyl amides, alkylthioethers, phosphoric 
esters and! fatty acid amide and the like in 
order to improve the frictional property of 
the composite filament. 

25 The crystalline polymeric component of 
the composite filament according to the 
present invention may be made up from a 
fiber-forming crystalline polyamide such as 
nylon 6, nylon: 66, nylon 610, nylon 12, 

30 nylon 11, nylon 9, block polyetheramide, 
other fiber-forming linear polyamides such 
as polyamides including the cydohexane 
group and polyamides including isophthalic 
add, phthalic acid or terephthalic acid, and 

35 these copolymers and blends. 

Also, the second polymeric component of 
the composite filament according to the 
present invention may be a linear polyester 
which consist of at least one acid polycon- 

40 densation unit selected from the group con- 
sisting of terephthalic add, isophthalic acid, 
phthalic add, p-hydroxy benzoic acid, adipic 
add, sebadc add, trimellitic add, pyro- 
melKtic add, and sodium sulfoisophthahc 

45 add and at least one glycol polycondensation 
unit selected from the group consisting of 
ethylene glycol, propylene glycol, Initylene 
glycol, cydohexane dimethanol and diethyl- 
ene glycol, and mixtures of two or more of 

50 these units. 

Furthermore, the second polymeric com- 
ponent of the composite filament according to 
the presents invention may be formed from 
a fiber-forming crystalline polyolefin such as 

55 polyethylene, polypropylene, copolymers^ of 
ethylene and propylene and mixtures of these 
polymers. 

The present invention will be further de- 
scribed with reference to the accompanying 
60 drawings, in which; . 

Figs, 1A to IF are cross-secuonal model 



views of several embodiments of the com- 
posite filaments of the present invention, 

Fig. 2A is a partially sectional model view 
of an embodiment of the composite filament 65 
of the present invention. 

Fig. 2B is a side model view of another 
embodiment of the composite filament of the 
present invention, .. . 

Fig, 3 is a cross-secuonal view of an 70 
embodiment of a spinneret for spinning the 
composite filament of the present invention, 

Fig. 4 shows a range oi draw ratios suit- ■ 
able for drawing undrawn composite fila- 
ments to form composite drawn filament of 75 
the present invention. 

In Figs. 1A to 1G, a plurality of island 
components 1 are embedded within a sea 
component 2. Fig. 1A shows a typical 
"islands-in-a-sea" type composite filament in 80 
which the island components 1 are arranged 
within the sea component 2 in a predeter- 
mined order. Fig. IB shows a modified com- 
posite filament in which, some of the island 
components 1 are exhibited on the outside 85 
surface of the composite filament. Fig. 1C 
shows an embodiment of the composite fila- 
ment in which a number of very fine island 
components 1 are dispersed in the sea com- 
ponent 2. . . - rr 90 

In the composite filament shown in rig. 
ID, two or more island components are 
dosdy incorporated into a filamentary body 
along the longitudinal axis of the composite 
filament. Fig. IE shows a composite filament 95 
in which the island components are arranged 
in a flowery order. Fig. IF shows a modified 
composite filament having a hollow cross- 
sectional profile. Fig. 1G shows an irregular 
composite filament having a triangular cross- 100 
sectional profile. The composite filament of 
the present invention may be any irregular 
filament such as a filament having a T- 
shaped or Y-shaped cross-sectional profile. 

Fig. 1H shows a specific composite fila- 105 
ment which is an assembly of a plurality of 
bi-metal type filamentary elements m which 
a crystalline polymeric filamentary com- 
ponent 1 and a styrene-copolymenc fila- 
mentary component 2 are incorporated side- 110 
by-side into a filament body. 

The distribution of the island components 
in the "islands-in-a-sea" type composite fila- 
ment in the cross-sectional view may be 
uniform or random but a uniform dismbu- 115 
tion is desirable in order to produce a micro- 
fine filamentary bundle with high efficiency. 
The arrangement of the island components in 
the cross-sectional view may be a ^-arrange- 
ment in which the island components are 120 
arranged in a single circular order along the 
peripheral surface of the composite filament, 
or an ^-arrangement in which the island com- 
ponents are arranged so that one or more 
island components are surrounded wrm tne m 
island components arranged in accordance 
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with the /^-arrangement. However, the a- 
arrangement is desirable for the composite 
fil a m ent of the present invention in order to 
obtain softer sheet products. 

Further, in order to obtain "island-in-a- 
sea" type composite filaments useful for pro- 



cessing'throu^ the ^7^d/orTee^ ^^pSSS^ S 7 ^J^ ^ 
punching process with high efficiency, it is *7 S * ***** 



10 



15 



20 



punching process with high efficiency, it is 
preferable that the island components are 
completely surrounded by the sea component 
so that the island components are not ex- 
posed on the peripheral surface of the fila- 
ment. Therefore, the composite filaments 
having the cross-sectional profile as indicated 
in Figs. 1A, 1C, IE and 1G are suitable for 
this purpose. 

In Fig. 2A, the micro-fine filamentary 
island components 1 are independently em- 
bedded within the sea component 2 in parallel 

flintier the* Innmh^mnl -X • 



In the case where the sea component is re- 
moved from the composite filament by a sol- 
vent treatment, it is desirable that content 
of die crystalline polymeric components such 
as island components in the "islands-in-a- 
sea type composite filament be as high as 
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on the weight of the composite filament, and 
fineness of the micro-filamentary crystalline 
polymeric component is from 0.01 to 0.5 
denier. If the fineness and content of the fila- 
mentary crystalline polymeric component is 
lower than 0.01 denier and higher than 75% 
respectively, the crystalline polymeric com- 

fwif 1 - 05 S Dd u t(> CTeate undesirable 
adhering of the crystalline polymeric com-, 
ponents with an adjacent one. 
The "iskads-in-a-sea" type composite fila- 

along me l^din^~aS7rth; Tempore £££ ^ ES? ^ be manu " 

filament. Fig. 2B shows a longitudinal cross \ m ? a sp* 3 ^ spinning 85 

section of the composite mameS ofRg.^ f PP £ t kdicated in Fig, 

where the island components 1 and lafpoS ^d 6 2fcLS5 ^ ° f ± * 

tioned at the outside portion of the com- f&LmlS^ 2 Wlth ^. a spinning device 

p^_te_filamen^ are exposed on the peripheral 1^^^^ 
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surface ox the composite filament and in- 
dependendy extended in parallel along the 
longitudinal axis of the composite filament. 

If a fiber-forming polymer formed in 
pellet-form is used for melt-spinning at a 
high- temperature, it is desirable to dry the 
polymer pellet in a vacuum condition at a 
temperature lower than the plasticizing point 
of the polymer. In such drying, it is required; 
that the polymer pellet is protected from con- 
tact with water, oxygen and air in order to 
protect the polymer from decomposition. But, 
in case the styrene-copolymer is used for the 
melt-spinning in pellet form in order to form 
the filament, the above-stated protections for 
the styrene-copolymer are not necessarily re- 
quired. If necessary, addition of a small 
amount of stabilizer, such as anti-oxidant, is 
very effective as the preventative. In melt- 
spinning for the composite filament? of the 
present invention, a spinning chimney for 
maintaining the filaments spun through a 
spinneret at a desired constant temperature is 
effective for improving of extensibility of 
undrawn filaments, and tenacity and elonga- 
tion of the resultant composite filament. 



Fineness and length of the composite Ilia- £ «?*ects with 

ent of the present invention may be adjusted fZZ^*** 0 * 1 ^ J? «* *e spinneret 
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— o— — ^uiu^uwic ma- 

ment of the present invention may be adjusted 
at will according to the intended use of the 
composite filament Generally, the fineness is 
adjusted in a range from 1.5 to 20 denier, 
preferably from 3 to 10 denier. Fineness of 
die micro-fine filament, which is obtained 
from the island components of the composite 
filament, is from 0.005 to 1.0 denier, prefer- 
ably from 0.01 to 0.5 denier. The number 
of. the micro-fine filaments to be obtained 
from the composite filament may be adjusted 
at will, preferably, the number being 10 or 
more. 



polymer B and an island component polymer 
into the spinnerets 5 and 6, respectively. 
The spinneret: 4 and 5 are provided wii 
a plurality of orifices, respectively. The lower 
ends of the orifices 11 of the spinneret 4 are 
inserted into the upper ends of the orifices 
12 of the spinneret 5. The molten sea com- 
ponent polymer B is fed into the orifices 12 
of the spinneret 5 through a passage 9 and 
then i fed into spaces between the lower ends 
of the orifices 11 of the spinneret 4 and the 
upper ends of the orifices 12 of the spinneret 
a.. lie molten island component polymer A 
is fed into the orifices 11 0 f the spinneret 
4 through passages 8 connected with the 
orrfces 11 of tite spinneret 4, and further 
fed into the orifices 12 of the spinneret 5 
Through contacting of the molten polymers 
A em* t* J 11 6 spinneret 5, both polymers 
a. and JJ form a composite stream in which 
the polymer B surrounds the polymer A 
haymg an approximate circular cross- 
sectional profile. 

The spinneret 6 Is provided with a plurality 
of orifices 13 and funnel-shaped chambers 
10, an upper end of which connects with 



90 



95 



100 



105 



110 



115 



5 and a lower end of wiri^ctnmeajT^ft 
the orifices 13 of the spinneret 6. 

A plurality of the composite streams of 
die molten polymers A and B are fed into the 
fmmel-shaped chambers 10 through the 
orifices 12 of the spinneret 5, and incor- 
porated into- an "ishmd-in-a-sea" type com- 
posite stream. 

™2£ "^ands-in-a-sea." type undrawn com- 
posite filament is obtained ftom the "island- 
m-a-sea type composite stream of the molten 
polymers A and B. 
In order to prepare the above-mentioned 
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"assembled-hi-metal" type composite filament 
as indicated in Fig. ID or 1H, a plurality of 
the composite streams in which a molten 
polymer stresm A and a molten polymer 

5 stream B are- combined in a bi-metal form, 
are fed into the funnel-shaped chamber 10 
through a conventional orifice for spinning 
the bi-metal type composite filament, t for 
example, the orifice indicated in British 

10 Patent No- 1,171,843, and incorporated into 
an "assembled-bi-metaT type composite 
stream- 

The undrawn composite filament is pre- 
ferably drawn at a relatively low draw ratio. 

15 For example, for an "islands-in-a-sea" type 
composite filament composed of a sea com- 
ponent of acrylonitrile-styrene (24:75) co- 
polymer and 16 island components of nylon 
6, an undrawn composite filament drafted 

20 at a take-up velocity of 1500 m/min is pre- 
ferably drawn in a draw ratio of 1.5 to 3-0, 
and an undrawn filament taken up in a 
velocity of 1000 m/min is preferably drawn 
at a draw ratio of 2.0 to 3.4. A range of 

25 drawing ratios suitable for drawing the un- 
drawn composite filament of the present in- 
vention s illustrated in Fig. 4 in a relation 
with respect to the taking up velocity for 
preparing the undrawn composite filament. 

30 In Fig. 4, the proper draw ratio for preparing 
the composite filament according to the 
present invention may be selected from the 
shaded portion of this graph based upon 
the take-up velocity of the composite fila- 

35 ment. If the draw ratio is higher than the 
upper limit of the shaded range, the separa- 
tion tendency of the island components from 
the sea component is undesirably, increased. 
And, if the draw ratio is lower than the 

40 lower limit of the shaded range,, the tenacity 
of the resultant composite filament is in- 
sufficient. 

The staple fibers prepared from the com- 
posite filament s of the present invention are 
45 useful for forming a web by die conventional 
machine such as card, cross-lapper, random- 
webber for the staple fibers and a sheet form- 
ing machine for endless filaments. The com- 
posite staple fibers of the present invention 
50 may be mixed with? another kind of fiber for 
forming the web. The web thus obtained may 
be subjected to a needle-punching process for 
producing sheet materials with a felting 
needle selected from the needles having a 
55 wider range of thickness and length than 
the felting needle used for the conventional 
web. The web may be needle-punched under 
a condition in which the web is laminated 
with the woven, or knitted fabric or non- 
60 woven cloth. 

The styrene-copolymeric component in the- 
composite filament may be removed by dis- 
solving off with a solvent such as tnchloro- 
ethylene, tetrachloroethylene, toluene, xylene, 
65 benzene, acetone, methylethyl ketone, tetra- 



cMoromethane, dimethyl acetamide, dimethyl 
sulfoxide, and dimethyl formamide, in a film- 
form, web-form or fabric-^form. 

The composite filament of the present in- 
vention is valuable for manufacturing the 
. various products such as artificial leather 
carpet, filter and mopping cloth by way of the 
following conventional processes: 

(a) web forming — sheet material preparing 
dissolving of sea component ■ — product 

(b) web forming — sheet material preparing 

— sizing with a water soluble polymer — im- 
pregfiation of an elastic polymer solution. — 
coagulation of the elastic polymer desizing 
and dissolving of sea component — product 

(c) web forming — sheet material preparing 

— sizing with a water soluble polymer — dis- 
solving, of sea component — impregnation 
of an elastic polymer solution — coagulation 
of the elastic polymer — k desizing — product 

(d) web forming — sheet material preparing 

— dissolving of sea component — impregna- 
tion of an elastic polymer solution — co- 
agulation of the elastic polymer — product 

(e) web for min g — sheet material preparing 

— dissolving of sea component — sizing — 
impregnation of an elastic polymer solution 

— coagulation of the elastic polymer — 
desizing — product. 

The composite filament of the present in- 
vention, which is characterized by compris- 
ing a styrene-copolymeric filamentary com- 
ponent which is easily soluble into the low 
cost solvent such as trichloroethylene and 
tetrachloroethylene, and a fiber formable 
crystalline polymeric filamentary component, 
has the following advantages; 

(1) easily web-forming and needle-punching 
for forming a web owing to high resistance 
of the styrene-copolymeric filamentary com- 
ponent against its breaking, 

(2) uniform intertwining of the filaments, 

(3) not creating the so-called "corrugated 
board structure** in the resultant web and 
sheet material, 

. (4) high density of the resultant web and 
sheet material, 

(5) high resistance against peeling of the 

(6) * high resistance aaginst the creating of 
bending marks and wrinkle marks, and 
(7Y easily dissolving of the sea component 
with a solvent. 

The present invention is further illustrated 
by the following example 8 in which the pro- 
portions of the ingredients are expressed as 
parts by weight and which are given for illus- 
trative purposes only. 

Example 1 

This is relative to the preparation of an 125 
"islands-in-a-sea" type of composite filament. 

Sea component polymer pellets were pre- 
pared from a copolymer of 24% acrylonitrile 
and 76% styrene by means of a. melt- 
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extruder with a cutter. Island component 
polymer pellets were prepared from nylon 
6 polymer in the same manner. Both polymer 
pellets were dried and fed to a melt extruder 
5 in equal parts bv weight and the polymer 
melts were extruded at 285 °C by means of 
the melt-spinning shown in Fig. 3 to form an 
"islands-in-a-sea" type undrawn composite 
filament having the cross-sectional- profile 
10 shown in Fig. 1A, and taken up at a speed 
of 150Q m/min through a quench chamber 
and. spinning chimney and oiling bath. The 
spinning process was carried out under 
favourable condition. The thus obtained un- 
15 drawn filaments were drawn using a heating 
pin maintained at 85°C and a heating plate 
maintained at 125°C at a ratio of 2.25. 
The drawn filament had a fineness of 5.1 
deniers, therefore, each of 16 island com- 
20 ponent filaments in the composite filament 
had a fin e ne s s of 0.16 deniers. The drawn 
filaments were doubled and crimped to 12 
crimps/inch by a crimper, and cut to a length 
51 mm by means of a cutter to form staple 
25 composite fibres. 

The resultant "islands-in-a-sea" type com- 
poslte staple fibres were formed into a 
uniform cloth lap without difficulty by pass- 
ing them through a carding machine and a 
3.0 lap machine. 

The cloth lap was smoothly subjected to 
a needle punching process at a needling con- 
dition of 500 needles/cm 2 without any needle 
breaking. Through the needle punching, the 
35 cloth lap was favourably converted to a felt 
sheet having a weight of 300 g/cm 2 . 

The felr sheet was impregnated with a solu- 
tion of 10%. of polyvinyl alcohol in water 
and then dried. The dried felt sheet was 
40 treated by spraying trichloroethylene on to 
the felt sheet in order to dissolve off the sea 
component consisting of the styrene-acrylo- 
nitrile copolymer, squeezed by means of a 
mangle and then dried. A sheet consisting of 
45 bundles of the island component filaments 
was obtained. The sheet was impregnated 
with a solution of polyurethane in N,N-di- 
methyl formamide. After the impregnation 
step the polyurethane was coagulated by pass- 
50 ing. the sheet through an aqueous coagulating 
bath, the sheet was then treated with hot 
water at a temperature from 95 to 98°C in 
order to dissolve the polyvinyl alcohol out 
of the sheet, and then dried. A soft sheet 
55 was obtained. The sheet was buffed, sheared 
Mid then softened with a softening machine. 
A very soft leather-like sheet was obtained. 
The sheet had a high bending strength (over 
a million times of bending at a temperature 
00 of — 5°C), a high moisture permeability and 
an appearance and touch similar to those of 
a velour-like natural leather. 



Example 2 
"Islands-in-a-sea" type composite fila- 



ments having a cross-section profile as shown 65 
in Fig. 1A, were prepared in the manner 
described in Example 1, except that the 
island component was nylon 66 polymer, the 
sea component was a copolymer of 18% 
acryionitrile and 82% styrene, and the num- 70 
ber of islands components was 24. 

The resultant undrawn filaments and drawn 
filaments were subjected to the following 
testing. e 

(1) Test of drawing ability of undrawn 75 
filament. 

An undrawn composite filament spun and 
taken up at a velocity of 1500 m/minute was 
drawn at a draw ratio of 3.2 by using a heat- 
ing pin at a temperature of 100°G, and a 80 
heating plate at a temperature of 125 °C 
The resultant drawn filament was estimated 
on degrees of sheen, evenness of the surface 
and whiteness thereof. 

(2) Test for carding property of drawn 85 
filament. 

•The drawn and cut composite filaments 
were subjected 50 times to a hand carding 
test or once to practical carding, and formed 
into a web. Processabflity of the carding was 90 
estimated. 

(3) Test for needle punching property of 
web. 

A web prepared from the cut composite 
filament was subjected to needle punching 95 
with 500 needles at a needling condition of 
100 to 1,000 needles/cm 4 . 

Estimation for the test was carried out by 
consideration of number of needles broken 
during the punching process and of density 100 
of the resultant felt sheet. 

C4) Pilling Test 

The resultant felt sheet of the needle 
punching test was estimated by consideration 
of the pills formed thereon. 2Q5 

(5) Dissohdng test for sea component 

The drawn composite filaments compris- 
ing 3 g of sea component were immersed 
into 300 ml of trichloroethylene at room tem- 
perature. The time for complete dissolving no 
off of the sea component was determined for 
estimating the dissolving velocity of the sea 
component 
The resultant undrawn composite filaments 

Example ^ * "* eritar 115 

The resultant drawn composite filaments 
had excellent carding and needle punching 
properties. The resultant felt sheet had no 
pills thereon. Further, the sea component of 120 
the resultant composite filament was dissolved 
off at a dissolving velocity similar to that of 
polystyrene. 

For comparison, a composite filament con- 
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sisting of nylon 6 island components and a chloroethylene at a similar velocity to that of 
polystyrene (commercial grade) sea com- polystyrene- 

ponent was prepared in the same manner as Comparison composite filament prepared 65 
indicated above* The comparison resulted in from nylon 6 island component and poly- 
5 a drawn composite filament having an un- styrene (high fluidity grade) sea component 
even and rough filament surface and an un- had poor carding and needling properties, and 
desirable whited appearance, a drawn com-' the felt sheet from the comparison filaments 
posite filament having poor carding and had a number of pills thereon. 70 
needle punching properties, and a felt sheet 
10 having a number of pills thereon. Example 6 

The procedure of Example 1 was repeated 
Example 3 using a nylon 66 island component and a 

The procedure of Example 1 was repeated sea component consisting of a copolymer of 
using a nylon 12 island component and a sea 12% acrylonitrile and 88% styrene. 75 
component consisting of a copolymer of 22% When tested as described in Example 2, 
15 acrylonitrile and 78% styrene. the resultant undrawn composite filaments 

The resultant undrawn composite filaments had: a smooth surface, and drawn filaments 
had a smooth surface^ and drawn filaments had excellent carding and needling properties, 
had excellent carding and needling properties Also, the felt sheet prepared from the fila- 80 
under the same conditions as described in ments had no pills thereon, and the sea 
20 Example 2. Also, the felt sheet prepared from component was easily dissolved off by tri- 
the filaments had no pills thereon, and the chloroethylene at a similar velocity to that 
sea component was easily dissolved off by of polystyrene. 

trichloroethyiene at a similar velocity to that A nylon 66 island component and a poly- 85 
of polystyrene. styrene sea component having a high poly- 

25 Comparison composite filaments prepared merization degree failed to prepare com- 
from nylon 12 island component and poly- parison composite filaments owing to poor 
styrene (high fluidity grade) sea component spinnabflity thereof, 
had poor carding and needling properties, 

and die felt sheet from the comparison fila- Example 7 90 

30 ments had a number of pills thereon. The procedure of Example 1 was re- 

peated using a nylon 6 island component and 
Example 4 a sea component consisting of a copolymer 

The procedure of Example 1 was repeated of 10% acrylonitrile and 90% styrene. 
using a nylon 610 island component and a The resultant undrawn composite filaments 95 
sea component consisting of a copolymer of had a smooth surface, and drawn filaments 
35 20% acrylonitrile and 80% styrene. had excellent carding and needling properties 

When tested as described in Example 2, at the same conditions as indicated in 
the resultant undrawn composite filaments Example 2. Also, the felt sheet prepared from 
had smooth surface, and drawn filaments had the filaments had no pills thereon, and the 100 
excellent carding and needling properties, sea component was easily dissolved off by 
40 Also, the felt sheet prepared from the fila- trichloroethylene at a similar velocity to that 
ments had no pills thereon, and the sea com- of polystyrene, 
ponent was easily dissolved off by trichloro- 
ethylene at a similar velocity to that of Ex^mpi^s 8 to 11 
polystyrene. The procedure of Example 1 was repeated 105 
45 Comparison composite filament prepared four times using 60 parts island component 
from nylon 610 island component and poly- polymer and 40 parts sea component styrene- 
styrene sea component had poor carding and copolymer, respectively, instead of the island 
needling properties, and the felt sheet from and sea components of Examples 1 to 4* 
the comparison filaments had a number of When tested as described in Example 2, 110 
50 pills thereon. each of "die resultant undrawn composite 

filaments had a smooth surface, and drawn 
Example 5 filaments had excellent carding and needling 

The procedure of Example 1 was repeated properties. Also, the felt sheet prepared from 
using a nylon 6 island component and a sea each of the filaments had no pifis thereon, 115 
component consisting of a copolymer of 15% and each of the sea components was easily 
55 acrylonitrile and 85% styrene. dissolved off by mchloroethyiene at a similar 

When tested as described in Example 2, velocity to that of polystyrene, 
the resultant undrawn composite filaments 

had a smooth surface, and drawn filaments Examples 12 and 13 

had excellent carding and needling properties. The procedure of Example 1 was repeated 120 
60 Also, the feh sheet prepared from the fila- twice using 30 parts island component nylon 
ments had not any pills thereon, and the sea pellet and 70 parts sea component styrene 
component was easdy dissolved off by tri- copolymer pellet^ respectively, instead of the 
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island and sea components of Examples 1 
and 2 in order to prepare composite filaments 
as indicated in Fig. 1C. 
■"When tested as described in Example 2,. 

5 each of the resultant undrawn composite fila- 
ment? had a smooth surface, and drawn fila- 
ments had excellent carding and needling 
properties. Also, the felt sheet? prepared from 
each of the filaments had no pifis thereon, 

10 and each of the sea components was easily 
dissolved off by trichloroethylene at a similar 
velocity ta that of polystyrene. 

Example 14 
The procedure of Example 1 was repeated 
15 using island components consisting of a co- 
polymer of 85% nylon 6 and 15% nylon 66 
instead of nylon. 6 used in Example 1. 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
20 had excellent carding and needling properties 
at the same conditions as indicated in 
Example 2. Also, the felt sheet prepared fromi 
the filaments had no pills thereon, and the 
sea? component was easily dissolved off by 
25 trichloroethylene at a similar velocity to that 
of polystyrene; 

Example 15 
The procedure of Example 1 was repeated, 
except that- the island component was poly- 
30 ethylene terephthalate, and the drawing of 
the undrawn filament was carried out at a 
temperature of 165°C in a superheated s team 
atmosphere. The cross-sectional profile of the 
resultant composite filament was as shown 
35 in Fig. 1G. 

The resultant undrawn composite filaments 
had « smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 2. 
40 Also, the felt sheets prepared from the fila- 
ments had na pills thereon, and the sea com- 
ponent was easily dissolved off by trichloro- 
ethylene at a similar velocity as that of poly- 
styrene, 

45 Comparison composite filaments prepared 
from polyethylene terephthalate island com- 
ponent and polystyrene (high fluidity grade) 
sea component had poor carding and needling 
properties, and the felt sheet from the com- 

50 parison filaments had a number of pills 
thereon. 

Example 16 
The procedure of Example 15 was re- 
peated,' except that the island component was 
55 polypropylene terephthalate. 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 
60 2. Also, the web prepared from the filaments 
had no pills thereon, and the sea component 
was easily dissolved off by trichloroethylene 
at a similar velocity to that of polystyrene. 



Example 17 
The procedure of Example 1 was repeated, 65 
except that the island component was poly- 
propylene, 40 parts sea component styrene- 
copolymer and 60 part island component 
polymer were applied ta spinning, and the 
resultant composite filament had the cross- 70 
sectional profile of Fig. IE. 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 75 
2. Also, die felt sheet prepared from the 
filaments had no pills thereon, and the sea 
component was easily dissolved off by tri- 
chloroethylene at a .similar velocity to that of 
polystyrene. 7 8Q 

EXAMPLE 18 
The procedure of Example 17 was re- 
peated, except that the island component was 
high density polyethylene. 

The resultant undrawn composite filaments 85 
a s ^ 00th surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 2 
Also, the web prepared from the filam ents" 
had no pill thereon, and the sea component 90 
was easily dissolved off by trichloroethylene 
at a similar velocity to that of polystyrene. 

Example 19 
The procedure of Example 1 was repeated, 
except that the sea component was a co- 95 
P™3™er of 45% methyl metbacrykte and 
at. St y rene » and ' the cross-sectional profile 
of die resultant composite filament was that 
of Fig. IF. 

The resultant undrawn composite filaments 100 
had a smooth surface, and drawn filaments 
had a high transparency, a bright sheen, and 
excellent carding and needling properties 
under the conditions described in Example 
2. Also, the felt sheet - prepared from the 105 
filaments had no pills thereon, and the sea 
component was easily dissolved off by tri- 
chloroethylene at a similar velocity to that 
of polystyrene. 

The felt sheet from the composite filament HO 
of the present Example was valuable for 
manufacturing synthetic leather having an 
appearance and touch similar to those of 
natural leather by the processes of Example 

115 



Example 20 
The procedure^ of Example 1 was repeated, 
except that the island component was poly- 
ethylene terephthalate and the sea component 
was a copolymer of 70% of methyl meth- 120 
acrylate and 30% of styrene. 

The resultant undrawn composite filaments 
had smooth surface, and drawn filaments had 
a high transparency, a bright sheen and excel- 
lent carding and needling properties under 125 
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the conditions described in Example 2. Also, 
the prepared from the filaments had not any 
pills thereon, and the sea component was 
easily dissolved off by trichloroethyiene at a 

5 similar velocity to that of polystyrene. 

The preparation of comparison composite 
filament from polyethylene terephthalate 
island component and polyethyl methacrylate 
sea component was failed owing to poor 

10 spinnability thereof. 

EXAMPLE 21 

The procedure of Example 1 was repeated, 
except that the sea component was a copoly- 
mer of 72% of methyl methacrylate, 24% 
15 of styrene and 4% of acrylonitrile, the spin- 
ning was carried out at a temperature of 
2S0°Q the solidification of the spun fila- 
ments was carried out by cooling with 
ambient air without blowing of cooling air, 
20 the drawing was carried out at a draw ratio 
of 2.5, the undrawn filament fed from a 
feed roller contacting the peripheral surface 
of a titanium pin which was disposed above? 
ar fish tail spray device and heated by steam 
25 at a temperature of 100°C supplied from 
the spray device, being wound on the pin, 
and then being passed through a steam box 
to which superheated steam at a temperature 
of 130°C was supplied- The spinning and 
30 drawing processes were carried out without 
difficulty. The resultant filament had a smooth 
surface, ar high transparency and a fineness 
of 5.6 deniers, so that each of the 16 island 
component filaments had a fineness of 0.175 
35 deniers. 

The resultant drawn filaments had excel- 
lent carding and needling properties under 
the conditions described in Example 2. Also, 
the felt sheet prepared from the filaments 
40 had no pills thereon, and the sea component 
was easily dissolved off by trichloroethyiene 
at a similar velocity to that of polystyrene. 



EXAMPLE 22 

The procedure of Example 21 was re- 
45 peated, except that the island component was 
• nylon 66, the sea component was a copolymer 
of 70% of methyl methacrylate, 26% of 
styrene and 4% of acrylonitrile. 

The resultant undrawn composite filaments 
50 had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 
2. Also, the felt sheet prepared from the 
filaments had no pills thereon, and the sea* 
55 component was easily dissolved off by tri- 
chloroethyiene at a similar velocity to that 
of polystyrene. 

However, the preparation of comparison 
composite filaments from island component 
60 nylon 66 polymer and sea component poly- 
methyl methacrylate failed owing to poor 
spinnability thereof. 



Example 23 
The procedure of Example. 21 was re- 
peated, except that the island component was 65 
nylon 610, the sea component was a co- 
polymer of 72% of methyl methacrylate, 
22% of styrene and 6% of acrylonitrile, and 
40 parts sea component styrene-copolymer 
and 60 parts island component nylon 610 70 
polymer were applied to spinning. 

The resultant undrawn composite filaments 
had smooth surface, and drawn filaments had 
excellent carding and needling properties 
under the conditions described in Example 2< 75 
Also, the felt sheet prepared from the fila- 
ments had no pills thereon, and the sea com- 
ponent was easily dissolved off by trichloro- 
ethyiene at a similar velocity to that of poly- 
styrene. 80 

Example 24 
The procedure of Example 21 was re- 
peated, except that the island component was 
a mixture of 80 parts nylon 6 and 20 parts 
nylon 66, and the sea component was a co- 85 
polymer of 60% of methyl methacrylate, 
35% of styrene and 5% of acrylonitrile. 

The resultant undrawn composite filaments 
had smooth surface, and drawn filaments had 
excellent carding and needling properties 90 
under the conditions described in Example 
2. Also, the belt sheet prepared from the 
filaments had no pills thereon, and the sea 
component was easily dissolved off by tri- 
chloroethyiene at a similar velocity to that of 95 
polystyrene. 

EXAMPLE 25 

The procedure of Example 21 was re- 
peated, except that the island component was 
nylon 12, the sea component was a co- 100 
polymer of 50% of methyl methacrylate, 
44% of styrene and 6% of acrylonitrile, and 
30 parts of sea component styrene-co- 
polymer and 70 parts of island component 
nylon 12 polymer were applied to the 105 
spinning. 

The resultant undrawn composite filaments 
had a smooth, surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 110 
2. Also, the web prepared from the fila- 
ments had no pills thereon, and the sea com- 
ponent was easily dissolved off by trichloro- 
ethyiene at a similar velocity to* that of 
polystyrene. 115 

Example 26 

The procedure of Example 21 was re- 
peated, except that the island component was 
polyethylene terephthalate and the cross-sec- 
tional profile of the resultant composite fila- 120 
ment was as shown in Fig. 1G. 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
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under the conditions described in Example 
2. Also, the web prepared from the filaments 
had no pills thereon, and the sea component 
was easily dissolved off by trichloroethykne 
5 at a similar velocity to that of polystyrene. 

Example 27 
The procedure of Example 22 was re- 
peated, except that the island component was 
a polyethylene terephthalate type copolyester 
10 containing 5% by moi of isophthalic acid as 
an additional copolycondensation unit. 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 
£ bdt Prepared from the 

filaments had no pills thereon, and the sea- 
component was easily dissolved off by tri- 

nn ^k^^kykne at a similar velocity to that 
20 <rf polystyrene. J 
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Example 28 
The procedure of Example 24 was re- 
peated, except that 40 parts of island com- 
ponent polymeric mixture and 60 parts of 
sea component styrene-copolymer were 
applied tcr spinning. 

J he resultan * undrawn composite filaments 
had a smooth surface, and drawn: filaments 
had excellent carding and needling properties 
of** * e o^^Woo* described in Example 
£ Also, the belt sheet prepared from the 
filaments had no pill thereon, and the sea 
component was easily dissolved off by trr- 
chloroethylene at a similar velocity as that 
35 of polystyrene. 7 



Example 29 
The procedure of Example 22 was re- 
peated, except that the island component was 
a polyethylene terephthalate type copolyester 
40 confining 5*/o by mol of adfpic add 5*S 
additional copolycondensation unit, and 
number of the island component filaments 
was 24. 

Atz . J° e resultant undrawn composite filaments 
45 had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
™* conditions described in Example 
2. Also, the web prepared from the filaments 
had no pills thereon, and the sea component 
50 was easily dissolved off by trichloroethylene 
at a similar velocity to that of polystyrene. 

E^ampi^ 30 
The procedure of Example 21 was re- 
peated, except that the island component was 
55 polypropylene, and 25 parts sea component 
styrene-copolymer and 75 parts of island 
component polypropylene were applied to 
spinning. 

an xJP* resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
Bad excellent carding and needling properties 



under the conditions described in Example 2.. 
Also, the heir sheet prepared from the fila- 
ments had no pills thereon, and the sea com- 
ponent was easily dissolved off by trichloro- 65 
ethylene at a similar velocity to that of 
polystyrene. 

Example 31 
the procedure of Example 22 was re- 

^H^^olX^ C ° mponent was 70 

The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 

nnlt 5 ^ 61 " < ^ mg "? d u«dlins properties 
under the conditions described m Example 75 
2. Also, die felt sheet prepared from the 7 
filaments had no pins thereon, and the sea 
component was easily dissolved off by tri-, 
chloroethylene at a similar velocity to that 
of polystyrene. 7 g0 

Example 32 
•l-ue procedure of Example 21 was re- 
peated, except that the sea component was 
a mixture of 20 parts -polystyrene and 80 
^ ™^jy™« of 72<£ of methyl meth- 85 
acrylate, 24% of styrene and 4% of acrylo- 

The resultant undrawn composite filaments 
Jiad a smooth surface, and drawn filaments 

Snif ^ Cnt C ^ XXS ™ d nee <^g properties 90 
under the condmons described in Example 

li J^L w fdt ^ec prepared from the 
filaments had no- pills thereon, and the sea 
component was easily dissolved off by tri- 
chloroethylene at a similar velocity to that 95 
of polystyrene. ' 50 



Example 33 
rhe procedure of Example 1 was repeated, 
except that the spinning apparatus was that 

™^«. MnventloIW J " bi - meral " type com- 100 
posite filament, and the filament Obtained 
had a bi-metai type cross-sectionaT profile 
and a fineness of 3 deniers, and 50 parte 
first component nylon 6 polymer and 50 
parts second component styrene-copolymer 105 
were applied to spinning. 

The resultant undrawn composite filaments- 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 

T^ 1116 ^^ described £ aSS 110 

£ Also, the felt sheet prepared from the 
filaments had no pills thereon, andTe sea 
component was easily dissolved off by tri- 

ofpolysryrSe. " * - that ^ 

Example 34 

exceor °? ^P 1 * 2 was repeated, 

except that the spuming apparatus was thu 
for the conventional «core-^-a-sheath» type 
composite filament, and the filament obtained 120 
had a cress-sectional profile in which a core 
was concentrically embedded in a sheath and 
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a fineness of 3 deniers, and 50 parts core 
component nylon 66 polymer and 50 parts 
sheath component styrene-copolymer were 
applied to spinning. 

5 The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example: 
2. Also, the felt sheet prepared from the 

10 filaments had no* pills thereon, and the sea 
component was easily dissolved off by tri- 
chloroethylene at a similar velocity to that of 
polystyrene. 

Example 35 

15 The procedure of Example 21 was re- 
peated, except that the spinning apparatus 
was that for the conventional "core-in-a- 
sheath" type composite filament, and the fila- 
ment obtained had a cross-sectional profile 

20 in which a core was eccentrically embedded 
in vt sheath and a fineness of 4 deniers, and 
60 parts core composite nylon 6 polymer and 
40 parts sheath component styrene-copolymer 
were applied to spinning. 

25 The resultant undrawn composite filaments 
had a smooth surface, and drawn filaments 
had excellent carding and needling properties 
under the conditions described in Example 
2. Also, the felt sheet prepared from the 

30 filaments had no pills thereon, and the sea 
component was easily dissolved off by tri- 
chioroethylene at a similar velocity to that 
of polystyrene. 

WHAT WE CLAIM IS: — 

35 1. A synthetic composite filament compris- 
ing a first filamentary component consisting 
of a copolymer of styrene with acrylonitrile 
and/or methyl methacrylate or a mixture 
of such .copolymers, and a second fila- 

40 mentary component consisting of a synthetic 
crystalline fibre-forming polymer, the first 
and second components extending along the 
length of the composite filament, respectively 
and being bonded together continuously along 

45 the length of the composite filament. 

2. A synthetic composite filament accord- 
ing to claim 1, wherein the first component 
consists of acrylonitrile-styrene copolymers, 
methyl methacrylate-styrene copolymers or 

50 acrylonitrile-methyl methacrylate-styrene co- 
polymers. 

3. A synthetic composite filament accord- 
ing to claim 2, wherein the acrylonitrile- 
styrene copolymer consists of 10 to 40% by 

55 weight of acrylonitrile units and 60 to 90% 
by weight of styrene units. 

4. A synthetic composite filament accord- 
ing to cl aim 3, wherein the acrylonitrile- 
styrene copolymer consists of 10 to 24% 

60 by weight of acrylonitrile units and 76 to 
90% by weight of styrene units. 



5. A synthetic composite filament accord- 
ing to claim 2, wherein the methyl meth- 
acrylate-styrene copolymer consists of 10 to 
90% by weight of methyi methacrylate units 65 
and 10 to 90% by weight of styrene units. 

6. A synthetic composite filament accord- 
ing to claim 5, wherein the methyl meth- 
acrylate-styrene copolymer consists of 50 to 
90% by weight of methyl methacrylate units 70 
and 10 to 50% by weight of styrene units. 

7. A synthetic composite filament accord- 
ing to claim 2, wherein the acrylonitrile- 
methyl methacrylate-styrene copolymer con- 
sists of at most of 10% by weight of acrylo- 75 
nitrile units, at least 10% by weight of styrene 
units and more than 10% by less than 90%* 

by weight of methyl methacrylate units. 

8. A synthetic composite filament accord- 
ing to* claim 1, wherein the? second com- 80 
ponent consists of a polyamide, a polyester, 

or a polyolefin or of a mixture of two or of 
all three of these polymers or of a mixture 
of polymers in which at least one of these 
polymers is the main constituent. 85 

9. A synthetic composite filament accord- 
ing to claim 8, wherein the polyamide is 
selected from the group consisting of nylon 
6, nylon 66, nylon 12, nylon 610, nylon 9, 
nylon 11, block polyetheramides, copolymers 90 
and mixtures of these polyamides. 

10. A synthetic composite filament accord- 
ing to claim 8, wherein said polyester is 
selected from the linear polyesters consist- 
ing of; at least one add polycondensation 95 
unit selected from the? group consisting of 
terephthalic acid, isophthalic acid, phthalic 
acid, p-hydroxy benzoic add, adipic add, 
sebadc add, trimellitic add, pyromellitic 
add and sodium sulfoisophthalic add; and 100 
at least one glycol polycondensation unit 
selected from the group consisting of ethylene 
glycol, propylene glycol, butylene glycol, 
cyclohexane dimethanol and diethyl ene 
glycol, and mixtures thereof. 105 

11. A synthetic composite filament accord- 
ing tsT~daim 10, wherein said polyester is 
polyethylene terephthalate. 

12. A synthetic composite filament accord- 
ing to claim 8, wherein said polyolefin is 110 
selected from the group consisting of poly- 
ethylene, polypropylene, or a copolymer of 

or a mixture of polyethylene and poly- 
propylene. 

13. A synthetic composite filament as 115 
daimed in daim 1, which is of the "islarids- 
in-a-sea" type, and in which the second com- 
ponent comprises a plurality of micro-fine 
filamentary components which extend in- 
dependently parallel to the longitudinal axis 120 
of the composite filament and are embedded 

in the first component.- 
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i n ^ 4 ;„ A ,^? e ?^ composite lament accord- stanrially as hereinbefore described with 5 
3L5£Z£ e ^&^ « to the accompanying drawings™* 

15. A synthetic co mposite filament sub- MARKS & CLERK 

which copies may lis obtained, ' ^ 
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